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Why Space Shuttle Upgrades? 
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Space Shuttle Upgrades are the foundation for 
ISS and future HEDS Initiatives 
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Orbiter design life 100 missions 




Orbiter Mission History 
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Selection Criteria insures System Process 
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Shuttle Upgrade Plan Background 
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Shuttle Upgrade Plan Background 
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entry system catastrophic failure risk I - Vendor support I ■ Operational simplicity' 

Improve crew cockpit situational I ■ Failure rates I ■ Turn-around time 

awareness for managing critical I ■ Repair times I improvements 

operational situations I ■ Inventory attrition I ■ Cost reduction 







Space Shuttle Safely Upgrades 

The Goals a The Challenges 
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Safety Benefit of Planned Shuttle Upgrades 

Increased Safety Through Selected Upgrades 
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SSME Upgrades Reduce Ascent Risk 
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Space Shuttle Safety and Supportabillty 

Safety Upprafle Candidates 

Safety Upgrades Supportability Upgrades Approved Upgrades Advanced Technology 


I 


tc Q s D 

C Z. ro co 

Oll^co 

« 2|o j 

Q. ■ 


® c 
cd 5" cn 
c O '55 
£ 


i $3 

h po: 
w .s> © 


„8.o 

12 c E 

M 0 m 


; t/> o 

= 5 8 


• ® ro 
© CO c 

u. 0) >, 
^ <n Q 
ti a) 

XI d) CD 

.5>§ a 
u. ^ “* 


; | p 4? 

i -S -«s ® 
• O .2 -tr 

: dc o £ 


■O 

Silg 

? oj -S o 


(0 H 

</> i ^ 
D C Z 

0) O LU 


o a: z cl 


m = O 

(D . 

O) Q. a5 

£ Q E 
£ 0. il 


a> 

I 1 

o z 


■£ ~ 
iS ~ O 

3 « f? 

C -D u- 


C TS £ 

I ? * 


5 IS w 


< 2 

§| 
co £ 


.5 « 
o .j? 
QC O 


& § » 
o Q c 

<t I ■§ 

5 < c 
QC co U- 
CO QC H 
QC CO LU 


X o o 

■D is O 

8 cos 

C U1 □ 

5 5 X 
tI co i 

< CO 


<D % XT 
</) OC j) 

<3 1 <55 


0-3 

Q- 


o 3 < 


_a) co a) 

No? 
N d) c 
O (0 

z £ a: 


11 

o* 

Q- 


T 5 

</> « 

.2 5 


o « 

.2 o 

> *-■§ 
■- o 
Q. c 
^ ^ CD 

jS O LU 

“O 
■£ ■ 


0)^0 
c {? JS 
S O) Q- 
m Q. <D 

§ d tn 

Tfi c £ 


I § CD 

§ w 12. 

it Pi 


if | 

’it! 


ill 

.t ^ > Q 

“«s 

Is '* 

O < Q 


5 S c 

C 0(Q 

g> c o o 
W O > J 

*■■30 3 

1 > Fi 


w 1 « L t 5 

cl co z *2 1- — 


O E P 
®£ - 

d) O) 

®if 

sJfiS 

■o O 5 C 

W JS 1 

W 


— o 

Q 

■= ° C 

Iso 
■e so 


2 m « 

o o> ® 


^ £ 


I 






V) 05 5 


__ J5 c/> 

OffKico 

- ips 

; 5 w o 


(0 


© 

a 


o 



LU 

2 

(0 

(0 


LU 


O' 

C/) 

a: 

CD 

£ 

co 


O) 


11 


CO 


.g> o 

S 1 

UJ z 




c 

E | 
^ a) — 
> </) m 

5 < 3 

■g § I 

| <8 A 

I : S" ® ® 

" Z) *rj <0 

y % d <0 

> S P 
f— < 


00 


Spllo <o 

tfci co 


2 


C 

o 

tfj 

3 

O 

i_ 

0-D 

o3 < 


a> 


vu 

z .E a: 


I? 

o 


m 


jh 

2 $ 

8 | 
^ T3 
O ® 

ro 2 

» <U 

o ° 

i .2 

CL 

O 5 

S £ 

-c a. 
c c 
LU £ 


c 

o> — 

CO © 

a) O 


IS 


_ CD 

* if 
5 <d 
5 £ 

> CO 

8 < 
-£= ^ 
o 5 

ro g> 

O ° 



CO 

o 



g> c O o 
E w .2 & 1 

c o 2L o a: 

03 5 

°p *S > 5 ? 

l 7 WiizS 

“ Z 



*5 £ 


© 


?;3^ 

■O O 5 c 
K ? S ® 

»id5 

Cfl 


— o 
a £ 
o c 

5 O 
SO 

85 

■S £ 

cn 0> 

31 

co O 

*C k. 

.c -r 
© > 
a c 
LU 


© 

it 

4*5 ro 

w m 

>. CL 

o I 

a ■$ 

Q.> 
3 C 

W §> 

a 2 

IS -a 

- l x 

ofl 




Block HA ConfiguraHon - Ascent 
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Shuffle Safety Upgrade Schedule Strategy 
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BOW Safety Upgrade Schedules 

Non-Baseline Working Schedules (Calendar Year Quarters) 

1999 2000 2001 2002 2003 2004 2005 



Note: SSP Program goal is to achieve 1st Flight for all safety upgrades by 2004 or early 2005, 
thus supporting full fleet operations of all safety upgrades by the end of 2005. 
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Improves 3-engine catastrophic failure scenario MTBF, improves 3-engine and nozzle 
failure MTBF, eliminates failure modes, reduces production time and cost, and reduces 
nozzle maintenance 



High Priority Safety Upgrades (corn'd) 
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Friction stir welding can increase weld joint strength, achieve higher weld margins, and 
improve fracture toughness as well as improve supportability, cost and process control 



Printer flvionlcs/CocKpit Upgrades 
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Description 
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Tentative Schedule 










RSRM - Propellant Grain Geometry Modification 
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storage and the associated additional segment handling. 
Robust design reduces obsolete material threats 













External Tank (IT) upgrades - 
Friction Stir Weld (Barrels, longitudinal) 




>% 

O) 

O 

o 

c 

-C 

o 

& 


O) 

c 

■> 

o 

L_ 

Q. 

E 

>* 

_Q 


-O 

CD 


0) 


* 

£ 

(0 

CO 


o> 


< 1 > 

co 

CO 

0 

L_ 

o 


_C 

O) 


(0 

CO 

0 


c 

0 

l_ 

(0 

c 

c 

.c 

3> 

£ 

c 

(0 

O) 

o 

o 

c 

;o 

L_ 

0 

E 

0 

3 

o 

CO 

CO 

8 

s 

IB 

O 

0 

0 

0 

O 

§ 

§ 

iZ 

LL 

cl 

■ 

■ 

■ 

■ 


0 

E 

-*— * 

c 

o 

O 

E •§ 

O O 


<0 

o 

o 

c 

o 

o 

3 

“D 

O 


LD 

“O 

0 

CO 

0 

0 

k_ 

o 

0 

Q 


CO 

3 

"D 

C 

c 

0 

r 

o 

Q. 

E 


c 

o 

0 

-fcj 

CO 

c 

o 

E 

0 

■O 


0 

k_ 

0 

Q_ 

O 



5690_Upgrades.29 






SSME Advanced Health Management System 



Goal: Reduce risk of SSME catastrophic failure by approximately 40% 


















SSME advanced Health Management Phase I 
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SSME Advanced Health Management Phase II 
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Technology 

■ Integrated with and contributes to program and 
agency IVHM goals 
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Improve the System 

■ Reduce nozzle maintenance - no leakage/repairs Delivery & Installation 

■ Reduces fabrication cycle time by 18 months 

■ Unit production cost ~$2M lower 







Replace Hydrazine Powered APU’s 
with Electric APU’s 
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■ Shuttle Abort Improvements (Study) 
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Crew Escape System [Study) 
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Orbiter TPS lower Surface Tile (Study) 
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Supports 30-day OPF flow 

Improve the System 

■ Supports 30-day OPF flow 




Advanced Protective Suit Program [Study) 
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Abort Improvements (Study) 
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Thermal limit and/or 3.5 g exceedance for MECO near VM9K fps 




Space Shuttle Safety Upgrade Implementation Strategy 
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Shuttle Upgrade Plan Background 



entry system catastrophic failure risk I - Vendor support I ■ Operational simplicity\ 

Improve crew cockpit situational I ■ Failure rates I ■ Turn-around time 

awareness for managing critical I ■ Repair times I improvements 

operational situations I ■ Inventory attrition I ■ Cost reduction 






Shuttle Supportability Upgrade Priorities 
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■ Revise technical plans, proposals, costs and schedules 

■ Develop POP2000 budget submit for additional funding needed starting 
in FY02 and subsequent years 
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Operational complexity 
Infrastructure 


Evaluate Options and 
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Example LRU Best Nominal and Worst Cases 



account for impact of obsolete a Historical attrition rate ■ Historical attrition rate 

parts on RTAT 

Use historical attrition rate 




Obsolescence Mitigation Need Dates 
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Supportability Upgrades: Requirements and Definitions 
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■ Mission success 

■ Operational processing efficiency 

■ Life cycle cost 



Mandatory Supportability Shuttle Upgrades 
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Supportabilitv Improvement Shuttle Upgrades 







Modular Auxiliary Data System Recorder 
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Network Signal Processor upgrade 

PAA option provides high-bandwidth operations without opening 
payload bay doors 

PAA option is an enabler for the MOD Re-invent process 












Pulse Code Modulating Master Unit 
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Trajectory Control Sensor (TCS) 
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Hydrogen Water CH 2 /H 2 01 Separator 
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SRB integrated Electronic Assemble Upgrades Plan 








SRB Automated Booster Assembly Checkout System (ABACS! 
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SRB Command Receiver/Decoder (CRD) 
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Resolves foam production issues 

■ Internal lacquering in spray gun 

■ Problems in Cells “K” and “B/C" with low strength and blisters 
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of archived film 

1.9:1 Return on Investment thru 2012 ($17.2M savings 
on $9.0M investment) 

Cost payback is estimated to be in 2008. 
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constraints due to current seal/heater system 

Del. & Inst, (attrition basis) 

Saves 400 lbs. of SRB weight per mission 
Cost payback is estimated to be in 2006. 
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■ Return five currently unusable segments to flight inventory 

„ , „ _ , . Delivery & Installation 

■ Reduce attrition of stiffener segments 1 * 







Pyrotechnic Initiation Controllers IPICs) 
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■ 25 lbs per SRB 

$500k annual savings De( s |nstallation 






RCS Improved Pilot Operated Valve (POin 
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Reduces yearly maintenance cost by approximately 50% De i & )nst ( attritjon b as j s ) 

■ 23 new valves required per year “ " 

■ 5.5 unscheduled removals per year 
Cost payback is estimated to be in 2009. 
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■ 50% reduction in failures requiring R&R 
(estimated at $300K/feilure) 

Cost payback is estimated to be in 2010. 
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Device Driver Unit (DDU1 
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Orbiter Phase II Upgrades 
Micrometeoroid/Orbital Debris Mitigation 
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RSRM Nozzle-to-Case Joint J-leg Insulation Design 
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SRB Command Receiver/Decoder (CRB) 
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■ The CLCS replaces the current Space Shuttle Firing Room 
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Checkout & Launch Control Systems Goals 
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Abort Evaluator 
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Unwanted manipulator positions 
Single Joint Operations 
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Flight Operations Upgrades Icont’d) 



I ■§ 

I I 

5 i 


co 

g o 

0 CO 

O 0 

© E 
o £ 

— CO 

0 >S 

o CO 

te 
s i 

O 0 ) 

0 0 

3 o 

> 0 

C ■© 
O ° 


-X' c 

■*-> 

c -o 

£ > 

8 I 

It 

.9 £ 

.t; ro 

1 © 
ro © 

& I 

© Q. 

3 | 

I i 

Q- CO 
= CL 

II 

0 

0 © 

>* E 

CO 0 

-4— » 

£ £ 

© 0 

0 0 

z s 

H- O 


c c 

© = 0 
-© 

| & £ 

0 0 0 

>, « E 

JD 0 ‘ 4 = 


o •- 

O 0 

II 

C © 

© 0 
E CL 

a) 2 

0 

0 o 

E « 

2 -& 

=5 = 

0 tr 

0 

0 X) 


0 

0 

*“ 0 
© C 

-I—* i— 

>, © 
^ e 

C 3 0 
~ 0 
© 0 
cr co 

"D © 
C 0 
O © 

0 -o 

2 § 

o CD 

>, ■§ 

- 4 -J C 

= c 

X) 0 
0 Q. 

0 r- 


“ ^ -L-f vu 

= 0 Q 

CO © 0 <- 

£ isl 

3»oj8 
h £o| 

CO "o LU t 
0 LU -D 

^ E © c 

O 5 - > 0 

o £ o 0 


LU q. 

8 & 

=1 5 

E © 

0 >* 

© £ 

±3 0 

CO E 


© 0 

0 -*— > 
£ o 

CD 0 
— ■ Q. 

1 .§ 






I 


5690_Upgrades.90 



Independent Program Analysis 
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Human Exploration and Development ol Space tHEDSl 
Technology Demonstrations 



Nano/micro Electronics and Mechanical 
Systems Middeck Flight Testbed 
Demonstration Targeted for STS-93 





Human Exploration and Development of Space (HEDS) 
Technology Demonstrations 
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MIMS Accelerometers Monitored STS-93 Flight 
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Space Shuttle Safety and Supportability 

Safety Uanrade Candidates 

Safety Upgrades Supportability Upgrades Approved Upgrades Advanced Technology 
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■ New Design replacement developed... operate and sustain Shuttle until 
replacement is ready 
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Shuttle-Derived 2nd Generation RLV 

High Priority Technology / Advanced Development Needs 
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Evolved Space Shuttle Option 

Potential Shuttle evolutionary improvements beyond 2005 
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capabilities support future vehicle options as well as the 
evolved Shuttle option 




Non-Toxic OMS/RCS 




Iwolwahle Liquid Rocket Booster IEIBB) 

Can Be Logical Building Block for Reusable First Stage 
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Initially Add Recoverable Add Wngs and 

Expendable PA Module Flyback Systems 


Proton Exchange Membrane (PEMl Fuel Cell 
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■ KOH electrolyte and asbestos matrix are eliminated 

■ May eliminate a criticality 1 R or 2 hazard 

■ Fuel cell flooding is reversible, with no hardware damage 

■ Leverage off of industry development 
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5 Segment Booster 
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New Shuttle Ku Band Pflfl Communications System 

I Approximate sizes 
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Electromechanical Actuators (IMA) 
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Many applications for future vehicles a SSME cryogenic propellant valves 

■ Thrust vector control actuators 

■ Various Reusable First Stage (RFS) applications 



Water Membrane Evaporator (WME) 
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freeze-ups 

■ Leverage off of industry development 

■ Synergy with advanced spacesuit (EMU) cooling system 
development 

■ Decreased sensitivity to contaminants in the feed water 
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Containerized Payload Module 
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■ Payload Integration (ICD, Engineering, Mission Kit upgrades 
Hardware, Requirements) 

■ Additional savings due to using the standardized carrier ■ Note “ Legacy payloads would have to be recertified. VNfould 

need to be implemented after ISS assembly complete. 




recoverable) moved from 
orbiter to external tank 

3 “Super” SSME or 4 SSME 
Engines for engine out to orbit 
from the pad 


Shuttle Upgrades Enabling Technologies for the Future 
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